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Increased number of PE-grid interfaces due to higher
DER penetration and load evolution will mandate a
change in the design and architecture of the interfaces.

Chadallenges:
Multiple power converters on the grid
v' communicate, control, and coordinate
Multiple vendors with one-off designs, proprietary software and communications interfaces
v Interoperability issues due to lack of standards for communication & interfacing
Lack of autonomous operating capability: centralized control is needed

Critical Needs:
Automation of energy flow between multiple sources and loads with real-time optimization
Increase in grid reliability and resilience for advanced de-centralized grid control architecture

Increase in grid security:
v'Minimizing the number of DER nodes on the grid

v Single point of communication with distribution management systems and other utility management
systems

Interoperable/Vendor agnostic
P ACE pdular and scalable agent-based software platform with real-time dynamic.c ertab@§-alighr o o
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Accomplishments: Us
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 Renewable and energy storage integration GRID CONVERTER Commercial Building

 Increased reliability and resilience (particularly in the case
of micro data centers)

PV CONVERTER

« Economic optimization for utility cost reduction and also |-
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_Accomp_lishments: Use Case and Simulation (2/3)
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Accompllshments Use Cqse and Simulation (3/3)

AC/DC fundamental
Objective: Develop converter | CONMrols ======---—- T
GRID Vg™ I Vg™ !
controls to support use case : de PI(S) ‘I d PI(s) d : |
480V AC o

® Yo | I |d | |
l l/ Ds-1 | Yo | e L | :
® @@ Configuration | Control | . Control |
@@@ Input Output | | g = e Ly ,:

I I I I
GRID CONVERTER Commercial Building e o T IV PI(s) I :

: rid Following | | |
AC/DC Grid Converter Vdcreg Q, Grid | L v ar 0
(DC/AC) Forming(V//) ~ ~~~~ "~ T~ TTTTTTTTTT T T T

Al DC/DC fundamental
e T Tontol T T T T T IR |

1kV DC PV Converter

MPPT I | -
ES CONVERTER . B (bC/DC) | P—>m P&O —|—>(Vdc :‘ > PI(s) ‘—P<Idcrc % — PI(s) —
DC/DC : : | |
ES Converter Ve I
LOAD CONVERTER (DC/DC) P. Vdcreg : : |
I | | MPPT | VDC Reg | Current
|| DA | | | Control Control I Control
T Load Converter | |
(DC/DC) Vdcreg L [T,
p a C E U.S. DEPARTMENT OF OFFICE OF
ACCELERATING ELECTRIFICATION ENERGY ELECTRICITY




Objective: Develop communications, software, and
controllers to support use case.
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Accompllshments Controller Hardware in the Loop (2/3)

Objechve Develop optimization formulation and integrate
with platform. Initially focus on economical signal.

Objective Function
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Accompllshments Contiroller Hardware in the Loop(3/3)

| Oblechve Vahdafe framework is workmg in CHIL
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Accomplishments: Hardware Implementations (1/6)

‘7 Objective: Construct appropriate hardware for validation
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plementations (2/6)

Objective: Construction of appropriate testbed for
validation.
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Accomplishments: Hardware Implementations (3/6)

DC/DC

Objective: Construction of appropriate testbed for
validation.
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Accomplishments: Hardware Implementations (4/6)
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Objective: Validate overall construct in hardware.
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Accomplishments: Hardware Implementations (5/6)

Semikron Developed 250 kW
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Accomplishments: Hardware Implementations (6/6)

——————— T " —— = S

ective: University hardware integration and demo
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Impact/Commercializati

on

————

Summary
* Baseline LV-HUB Completed
* Hardware system testbed and automated software for test bed completed
« NCSU DC-DC Hardware evaluated and integration into LV-HUB platform
«  Semikron DC-AC 250 Kw Hardware evaluated and integration into LV-HUB platform
Products
« Demonstrated plug-and play concept with two different partners- commercial and academic

« Developed a new product for 480 V in partnership with Semikron

Publications:

« M. Starke, B. Xiao and M. Chinthavali, "A Low Voltage DC Power Electronic Hub to Support Buildings," 2021 IEEE Fourth
International Conference on DC Microgrids (ICDCM), 2021, pp. 1-8.

« M. Starke, S. Campbell, M. Chinthavali and B. Dean, "A 1kV, 480V Power Electronics Hub for DER Integration in
Commercial Buildings," 2022 IEEE Energy Conversion Congress and Exposition (ECCE), 2022, pp. 1-7.

« B.Dean, M. Starke, S. Campbell and M. Chinthavali, "A framework for evaluating power electronic systems for grid

integration," 2022 IEEE 7th Southern Power Electronics Conference (SPEC), Nadi, Fiji, 2022, pp. 1-6.

«  Work with Utility partner Southern Company to transition for field demo
« Engage with vendor partners for future demonstration projects

U.S. DEPARTMENT OF OFFICE OF

ENERGY |ELECTRICITY




Expand to
demonstration
phase
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